Background: Clinical practice guidelines recommend arteriovenous fistulas as the preferred form of vascular access for hemodialysis. However, some studies have suggested that older age is associated with poorer fistula outcomes. Objective: We assessed the impact of age on the outcomes of fistula creation and access-related procedures. Design: This was a prospective cohort study using data collected as part of the Dialysis Measurement Analysis and Reporting (DMAR) system. Setting: Participating Canadian dialysis programs, including Southern Alberta Renal Program, Manitoba Renal Program, Sunnybrook Health Sciences Centre (Toronto, Ontario), London Health Sciences Centre (London, Ontario), and The Ottawa Hospital (Ottawa, Ontario). Patients: Incident hemodialysis patients aged 18 years and older who started dialysis between January 1, 2004, and May 31, 2012. Measurements: The primary outcome was the proportion of all first fistula attempts that resulted in catheter-free fistula use, defined as independent use of a fistula for hemodialysis (ie, no catheter in place). Secondary outcomes included the time to catheter-free fistula use among patients with a fistula creation attempt, total number of days of catheter-free fistula use, and the proportion of a patient's hemodialysis career spent with an independently functioning fistula (ie, catheter-free fistula use). Methods: We compared patient characteristics by age group, using t tests or Wilcoxon rank sum tests, and chi-square or Fisher exact tests, as appropriate. Logistic and fractional logistic regression were used to estimate the odds of achieving catheter-free fistula use by age group and the proportion of dialysis time spent catheter-free, respectively. Results: A total of 1091 patients met our inclusion criteria (567 age ≥ 65; 524 age < 65). Only 57% of first fistula attempts resulted in catheter-free fistula use irrespective of age (adjusted odds ratio [OR]≥ 65vs < 65 : 1.01; P = .93). The median time from hemodialysis start to catheter-free use of the first fistula did not differ by age when grouped into fistulas attempted pre-and post-dialysis initiation. The adjusted rates of access-related procedures were comparable (incidence rate ratio [IRR]≥ 65vs < 65: 0.95; P = .32). The median percentage of follow-up time spent catheter-free was similar and low in patients who attempted fistulas (<65 years: 19% vs ≥65 years: 21%; P = .85). Limitations: The relatively short follow-up time may have underestimated the benefits of fistula creation and the observational study design precludes inferences about causality. Conclusions: In our study, older patients who underwent a fistula attempt were just as likely as younger patients to achieve catheter-free fistula use, within a similar time frame, and while requiring a similar number of access procedures. However, the minority of dialysis time was spent catheter-free.
What was known before
Half of all fistulas created will experience failure within the first year of creation. Fistula-related complications, including the failure to mature to adequately support dialysis, can lead to invasive interventions that reduce patient quality of life, and consume significant radiological and surgical resources. Some studies have suggested that this risk is higher among adults over the age of 65 years and this patient population makes up a large proportion of those starting dialysis in developed countries. There is increasing interest in taking a more patient-centered approach to the selection of vascular access. To inform decision making, there was a need to better quantify the potential risks and benefits of different vascular access strategies and to determine whether or not they are influenced by age.
What this adds
In our study, 57% of patients who attempted fistula creation went on to catheter-free use of their fistulas. Older patients who underwent a fistula attempt were just as likely as younger patients to achieve catheter-free fistula use in a similar time frame. The duration of fistula use and the proportion Introduction Hemodialysis is the most common form of renal replacement therapy for individuals with end-stage renal disease (ESRD) and requires reliable access to the blood stream. Central venous catheters ("catheters"), arteriovenous fistulas ("fistulas"), and arteriovenous grafts ("grafts") are the 3 main options for vascular access. 1 Clinical practice guidelines strongly recommend fistulas because they are associated with a lower risk of morbidity and mortality, and lower costs to establish and maintain patency in observational studies. [2] [3] [4] Unfortunately, nearly half of all fistulas created will experience failure within the first year of creation, and some studies have suggested that the risk is higher among adults over the age of 65 years. 5, 6 Fistula-related complications, including the failure to mature to adequately support dialysis, can lead to invasive interventions that reduce patient quality of life, consume significant radiological and surgical resources, and ultimately result in the use of a catheter. [7] [8] [9] Older patients make up a large proportion of those starting dialysis in developed countries and there is increasing interest in taking a patient-centered approach to the selection of vascular access. [10] [11] [12] To inform decision making, it is important to better quantify the potential risks and benefits of different vascular access strategies and to determine whether or not they are influenced by age.
We conducted a large, multicenter study to determine the impact of age on the outcomes of fistula creation. Specifically, we examined whether older patients (65 years of age and older) had a lower proportion of first fistula attempts that lead to catheter-free fistula use, longer time required to achieve catheter-free fistula use, or smaller proportion of time on hemodialysis that was catheter-free compared with younger patients. We also assessed the association between age and rates of access-related procedures.
Materials and Methods

Design and Setting
We used data from 5 Canadian dialysis programs (Southern Alberta Renal Program, Manitoba Renal Program, Sunnybrook Health Sciences Centre [Toronto, Ontario], London Health Sciences Centre [London, Ontario], and The Ottawa Hospital [Ottawa, Ontario]) that participated in the Dialysis Measurement Analysis and Reporting (DMAR) system. DMAR was a centrally hosted, web-based data collection system that prospectively collected detailed data on incident hemodialysis patients for quality improvement purposes. All data entry personnel were trained front-line staff who coded information using a standardized coding schema. Two investigators double reviewed all data and any queries were resolved in consultation with the end-user prior to data export and analysis. Data elements collected include baseline demographic, comorbidity, and laboratory information as well as any changes in dialysis modality, hospitalizations, transplants, losses to follow-up, transfers out of the program, and deaths. All vascular access procedures, before and after the initiation of dialysis, were captured along with the location, date, description, and indication for each procedure. The study protocol was approved by the research ethics boards at each participating institution.
Study Population
Incident hemodialysis patients aged 18 years and older who started dialysis between January 1, 2004, and May 31, 2012, were identified. Patients were included if they had a diagnosis of ESRD according to a nephrologist, received a single outpatient dialysis treatment, or received dialysis for a period of 28 days or more after an episode of acute kidney injury. Patients initiated either hemodialysis or continuous renal replacement therapy (CRRT) during the study period, and underwent at least 1 fistula attempt before or after the initiation of dialysis therapy. They were excluded if they used an arteriovenous graft at any time (grafts were uncommon in our cohort), used peritoneal dialysis (PD) in the first 6 months of renal replacement therapy, or had a life expectancy of less than 1 year at the time of dialysis initiation (metastatic cancer, or other terminal illness where death was imminent) ( Figure 1 ). Patients were followed until the earliest of recovery of kidney function, receipt of a kidney transplant, transfer to PD, loss to follow-up, transfer out of the program, death, or the end of the study period (August 31, 2012).
Age
The main exposure of interest was age, which we dichotomized into "< 65 years" and "≥65 years" groups. A cutoff of 65 years was selected as it has commonly been used in prior studies [13] [14] [15] and because approximately half of the incident patients in the participating programs were over the age of 65.
Outcomes
The primary outcome was the proportion of all first fistula attempts that resulted in catheter-free fistula use, defined as independent use of a fistula for hemodialysis (ie, no catheter in place). In situations where a patient had a catheter in place when they started dialysis or had a fistula attempt, catheterfree fistula use began when the catheter was removed and the fistula was used as the sole access for hemodialysis. This outcome was chosen because it was the most relevant marker of successful fistula creation, as the expressed intent of fistula creation is to spare patients from the potential harms of catheters. For our primary analysis, we defined it as catheter-free use of the first fistula and follow-up was censored at the time of a second fistula attempt, if applicable. A secondary analysis looked at catheter-free use of any fistula, allowing for multiple attempts in the same patient.
Secondary outcomes included the time to catheter-free fistula use among patients with a fistula creation attempt, total number of days of catheter-free fistula use, and the proportion of a patient's hemodialysis career spent with an independently functioning fistula (ie, catheter-free fistula use). Time to catheter-free use was calculated in 2 ways depending on whether the fistula was created before dialysis initiation ("pre-dialysis") or after dialysis initiation ("post-dialysis"), with time at risk beginning from the start of dialysis or date of fistula creation, respectively. For proportion of follow-up time spent catheter-free, follow-up time began at dialysis start (with timing of fistula creation accounted for in the modeling). We also calculated the rates of access procedures during the follow-up period among all patients undergoing a fistula creation (starting from the date of their first procedure, ie, fistula creation or catheter insertion to begin dialysis). Access procedures were subcategorized as either catheter-related, fistula-related (excluding creations), or fistula creations. Catheter-related procedures included catheter insertions, removals, exchanges, as well as fibrin sheath disruptions, central vein angioplasties, and line-o-grams. Fistula-related procedures included collateral vein embolization and ligation, fistulograms, angioplasties, fistula revisions, occlusions, and removals, thrombectomies and thrombolysis procedures, angiograms, and arterioplasties. Fistula creations included any form of fistula creation (radiocephalic, brachiocephalic, brachiobasilic, etc). 
Statistical Analysis
We compared patient characteristics by age group, using t tests or Wilcoxon rank sum tests, and chi-square or Fisher exact tests, as appropriate. Crude medians were presented to summarize catheter-free use outcomes. We then used a logistic regression model to estimate the odds ratio (OR) for achieving catheter-free fistula use by age group, and a fractional logistic regression model for proportions of catheterfree use. Crude intervention rates, per person-year, were calculated for each group as the total number of procedures divided by total follow-up time. Following assessment for distributional assumptions and the presence of excess zeroes, we used a Poisson model, or in the case of overdispersion, a negative binomial model to estimate adjusted incidence rate ratios (IRR). All regression models were adjusted for sex, body mass index (BMI), diabetes mellitus, coronary artery disease, congestive heart failure, peripheral vascular disease, cerebrovascular disease, and whether the fistula was created pre-or post-dialysis initiation. In our sensitivity analyses, we repeated the primary analysis after restricting our cohort to those with at least 3 years of follow-up. Next, we restricted the cohort to those who achieved catheter-free use of their fistulas at some point during follow-up to provide an estimate for catheter-free time in those who had successful fistula attempts. Finally, we categorized age as <65, 65-75, and 75+ to see whether it would impact our results.
Results
A total of 3145 adult patients started dialysis during the period of interest. Five hundred twenty-three started dialysis on PD; 19 used an arteriovenous graft for vascular access; 146 intended to do PD and converted within the first 6 months of therapy; and 71 had a life expectancy of less than 1 year. A total of 1091 patients met criteria for inclusion in the study and underwent an attempt at fistula creation ( Figure 1 ). Baseline characteristics of the study participants are presented in Table 1 , stratified by age. There was a higher prevalence of comorbid conditions in the older cohort, with the exception of diabetes mellitus, which was more common in younger patients. Older patients had a lower BMI, higher estimated glomerular filtration rate (eGFR) at the start of dialysis, and were more likely to have received at least 12 months of predialysis care. The median follow-up time did not significantly differ by age group, averaging 1.9 years (see Table 2 ). For predialysis fistula attempts, follow-up from dialysis start was 1.8 years and for postdialysis fistula attempts, follow-up from dialysis start was 2.0 years (1.6 years from date of creation). Older patients were more likely to attempt their first fistula prior to the start of dialysis (43% in those <65 vs 50% in those ≥65; P value = .01). Finally, a total of 9% of patients <65 years of age died during follow-up compared with 34% of those ≥65 years of age.
The Impact of Age on the Likelihood of Catheter-Free Fistula Use
Only 57% of first fistula attempts resulted in catheterfree fistula use in both age groups, and there was no difference in the adjusted odds of achieving catheter-free use (OR≥ 65vs < 65 1.01; P value = .93) ( Table 2 ). The median number of days of catheter-free use with the first fistula was similar (<65 years: 58 days vs ≥65 years: 52 days; P value = .82), as was the median percentage of follow-up time spent catheter-free (<65 years: 19% vs ≥65 years: 21%; P value = .85). If multiple fistula attempts were considered, the proportion of follow-up time spent catheter-free increased to 40% for those <65 years of age and 36% for those ≥65 years of age (adjusted OR≥ 65vs < 65 : 0.96; P value = .73). Our modeled results were unchanged when we restricted the cohort to those with at least 3 years of follow-up, although the proportion of time spent catheter-free increased with increasing follow-up. In this selected cohort, when all fistula creations were considered, 73% of follow-up was spent catheter-free in patients <65 years of age compared with 75% in those ≥65 years. When age was categorized as <65, 65-75, and 75+, there was no significant difference in results by group (Table 3) .
Restricting the analysis to only those patients who successfully achieved catheter-free fistula use (n = 619), the median time to catheter-free use for predialysis fistulas was 0 days for both groups (indicating over 75% of successful Note. IQR = interquartile range; OR = odds ratio; CI = confidence interval; IRR = incidence rate ratio. a Follow-up time defined as the time between starting hemodialysis and any of the following: of death, kidney transplantation, lost to follow-up, transfer out of the program, start of peritoneal dialysis, recovery of kidney, or the end of the study period. b All adjusted values are adjusted for sex, body mass index, diabetes mellitus, coronary artery disease, congestive heart failure, peripheral vascular disease, cerebrovascular disease, and whether fistula was created pre-or post-dialysis initiation. *Significant at P < .05.
predialysis fistula attempts were used for dialysis initiation) and 263 days for postdialysis fistula creations (<65 years: 241 days vs ≥65 years: 272 days; P value = .55)(see Figure 2 ).
The median number of days of catheter-free use with the first fistula was similar (<65 years: 449 days vs ≥65 years: 525 days; P value: .42), as was the median percentage of follow-up time spent catheter-free (<65 years: 80% vs ≥65 years: 85%; P value: .85). If multiple fistula attempts were considered, the proportion of follow-up time spent catheterfree was similar, 77% for those <65 years of age and 84% for those ≥65 years of age (adjusted OR≥ 65vs < 65 : 1.07; P value = .58).
When all patients who attempted a fistula were considered, a detailed look at individual patient experience showed that 21% attempted a fistula and used it for their entire dialysis career, 34% to 38% never used their fistula despite multiple attempts, and the remaining patients used a combination of catheters and fistulas (Figure 3 ).
The Impact of Age on Access-Related Procedure Rates
The crude rates of access-related procedures were similar for both age groups (<65: 2.3 procedures per person-year vs ≥65: 2.2 procedures, per person-year, P value = .04), and adjusted rate ratios were not significantly different according to age group (overall, or by type) ( Table 2 ).
Discussion
In our study, 57% of patients who attempted fistula creation went on to catheter-free use of their fistulas. Older patients who underwent a fistula attempt were just as likely as younger patients to achieve catheter-free fistula use and achieved it at the same pace, after accounting for other patient characteristics. Furthermore, the duration of fistula use and the proportion of the dialysis career spent catheter-free were similar, regardless of age, as were adjusted procedure rates. Only 19% to 21% of the time spent on hemodialysis was catheter-free following a first fistula creation. This increased to 36% to 40% if multiple attempts at fistula creation were allowed and to 73% to 75% if analyses were restricted to a selected cohort that had at least 3 years of follow-up.
Studies looking at the impact of age on the likelihood of successful fistula maturation and use have yielded conflicting findings. Some have shown that older age adversely impacts fistula maturation and is accompanied by a higher rate of primary and secondary failure. 13, 16 For example, the REDUCE-FTM I study found patients older than 65 were less likely to mature their fistulas compared with their younger counterparts. 17 A meta-analysis by Lazarides et al reported higher rates of primary failure at 12 and 24 months among elderly patients. 18 However, other studies have suggested that age does not have an important impact on fistula outcomes. [19] [20] [21] [22] In a retrospective study of 658 patients referred for fistula creation, Weale et al 22 assessed the impact of age on functional outcomes and found no difference in primary or secondary patency with radiocephalic and brachiocephalic fistulas in patients less than 65 years of age, 65 to 69 years of age, and those 80 years of age and older. Note. The distribution of the proportion of time spent catheter-free was bi-modal in appearance. In both age groups, 21% used their fistula catheter-free for the entire duration of follow-up. However, a total of 34% in those <65 never used their fistula catheter-free compared with 38% of those ≥65 years.
Inconsistency in prior studies may relate to sample size considerations, a preponderance of single-center studies, differences in definitions, and the lack of adequate risk adjustment for other important predictors of fistula outcomes. 23, 24 Indeed, many risk factors for fistula failure are more common in older patients. We found that age was not an independent predictor of catheter-free fistula use. However, a smaller percentage of patients over age 65 underwent fistula creation, so the results are applicable to that selected population. It could be argued that a higher percentage of the population undergoes a fistula attempt in environments where fistulas are heavily promoted and that if more marginal candidates are included, the impact of age may be more pronounced. However, that would suggest that comorbidities and factors that negatively influence the likelihood of fistula maturation, rather than age itself, would be responsible.
Catheter-free fistula use was selected as our primary outcome of interest. Prior studies have focused on standard definitions of usability, and primary and secondary patency of fistulas. [13] [14] [15] [16] [17] [18] [19] [20] [21] We opted for a more pragmatic definition of successful fistula creation. The expressed intent of fistula creation is to spare patients of the complications associated with indwelling catheters. As a consequence, successful fistula creation should lead to independent use of the fistula for the provision of dialysis. Furthermore, definitions of fistula maturation or patency based on numbers of runs where it is usable, with two-needles, at a predefined blood flow, over a specified period of time are cumbersome and difficult to apply for the purposes of ongoing quality improvement in dialysis programs. They may be very relevant in programs that are struggling with unsuccessful fistula placement to better understand where they need to intervene to improve fistula outcomes, but independent fistula use likely should be the ultimate measure of success if the intent is to spare patients of the risks associated with catheters.
The granularity of our data provided the opportunity to examine the outcomes of fistula attempts in detail. Despite an attempt at a first fistula creation, only 19% to 21% of patients' dialysis careers are spent catheter-free. If patients have multiple attempts at a functioning fistula, the percentage of time spent catheter-free increases modestly to 36% to 40%. Furthermore, a more detailed look at individual patient experience is illuminating: 21% percent will attempt a fistula and use it for their entire dialysis career; 34% to 38% will never use their fistula despite multiple attempts; and the remaining patients will use a combination of catheters and fistulas. Thus, if the expressed purpose of attempting fistulas is to avoid catheter use, we are not successful in the vast majority of patients. One potential explanation for the disappointing numbers observed is the fact that half of the fistula attempts occurred after the start of dialysis. By the time a referral for fistula creation occurs, the operation is performed, and the fistula matures to a point that is usable, a significant period of time with a catheter has been accrued.
Even with approximately 2 years of follow-up time, this may skew our results. Indeed, when we restricted our cohort to those with at least 3 years of follow-up, the proportion of time spent catheter-free increased to 78% and 74% in the <65 and ≥65 age groups, respectively. This may reflect the need for longer follow-up, or the fact that healthier individuals with healthier vessels are more likely to survive longer and contribute to the prevalent fistula population. These findings highlight the need to improve patient selection for fistula creation. If we could reliably identify those who were destined for success or failure, we would likely improve the patient experience, the efficiency of vascular access care, and possibly, patient outcomes. Unfortunately, a robust, generalizable method for patient selection has eluded us and current guidelines suggest fistulas for all patients. Future work will attempt to tease out the relative success of predialysis fistula creation versus creation of fistulas after the start of dialysis.
Our study has several strengths. It is a multicenter study and data were granular, prospectively collected, and coded using a common framework and definitions. The oversight over data collection was rigorous and data were double-reviewed by experts with queries sent to users to be corrected prior to analysis. The validity of data used in many prior studies is unknown. Finally, the sample size is large relative to other studies that employed primary clinical data collection.
Our study also has limitations. The median duration of follow-up in our cohort was 2 years. It may be that the benefits of fistula creation are underestimated due to the relatively short duration of follow-up. In addition, the fact that a smaller percentage of patients undergo fistula creation in the participating centers compared with other jurisdictions may influence the observed results. However, this is representative of Canadian practice and if centers are more selective when referring patients for a fistula attempt, our results likely represent a more positive view of fistula outcomes than are achieved in places where fistulas are more aggressively pursued. The observational design of our study means that we cannot make definitive conclusions about the utility of fistula creation in patients of any age group. A randomized trial is ultimately required to determine whether fistulas lead to better outcomes and to characterize the magnitude of that benefit, if present. A pilot randomized trial is currently underway to determine the feasibility of a larger trial comparing the outcomes of fistula creation to continued use of catheters in incident hemodialysis patients over the age of 65 in Canada (clinicaltrials.gov NCT02675569). 25 We did not report the outcomes of patients treated with arteriovenous grafts. While there is increasing interest in the potential role of grafts in elderly patients, particularly in the United States, there are very few patients who undergo graft creation in a Canadian setting and our results may not be generalizable beyond current Canadian practice. Information about artery and vein size was not available. While we chose to classify patients according to age group for the reasons articulated, other approaches to determining biological age and suitability for fistula attempt may be more suitable and could be explored. Finally, we did not capture data about the patient perspective and the impact of fistula creation on patientcentered outcomes, which is an important consideration.
The policy implications of our findings are important. First, we have shown that age does not appear to be an important predictor of the success of fistula creation and probably should not be used alone to inform decision making about vascular access choice. Second, our results highlight that we do a relatively poor job at identifying patients who are a good candidate for fistula creation and are likely to experience good outcomes. There is clearly a subset of patients who experience a very uncomplicated course, but our ability to identify them a priori is currently poor. This is compounded by the fact that guidelines and quality improvement initiatives incent providers to attempt fistulas in all patients, rather than to be selective. Third, the fact that patients who attempt fistulas are still exposed to catheters for much of their dialysis careers speaks to the inefficiency of the current approach to patient selection. If the intent of fistula creation is to avoid exposure to catheters, our data would suggest that the current approach is not adequate.
In conclusion, age does not appear to be an important predictor of the success of fistula creation in hemodialysis patients. Only a small proportion of the time spent on hemodialysis was catheter-free in those who attempted fistula creations. Randomized comparisons are needed to establish the superiority of fistulas and better delineate the risks and benefits of various access strategies. Further work is needed to identify the subsets of patients who are likely to benefit from fistula creation to better inform patient selection.
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